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1. Watershed Modeling and General Considerations

Models are developed as tools to perform experiments on watersheds that would otherwise
be impractical or impossible due to cost, personnel, or time constraints (Nix, 1994). A
significant advantage of watershed modeling is the ability to process and effectively present
copious amounts of spatial and time-series data. Additionally, models can prove beneficial
in data-limited environments; they can estimate values for unavailable or incomplete data
sets by utilizing available preexisting data in the model calibration process. These
functionalities allow users to determine the impacts of different parameters on the natural
processes occurring in a watershed.

Watershed-scale models range from simple to complex. Simple models are used to rapidly
identify critical areas in the environment and are often utilized when data limitations and
financial constraints prohibit the use of more complex models. Simple models describe a
limited number of hydrologic and water quality processes and are used to estimate pollutant
loadings, thus acting as a screening tool. More complex models depend on deterministic
algorithms that closely simulate the physical processes in the watershed. Additionally, such
models are data intensive and require substantial model calibration to accurately depict the
natural system.

In selecting an appropriate approach to support the Total Maximum Daily Load (TMDL) for
Chollas Creek, technical and regulatory criteria were considered. Technical criteria include
the physical system in question, including the constituents of interest and watershed or
stream characteristics and processes (physical domain, source contributions, critical
conditions, and constituents). Consideration of each topic was critical in selecting the most
appropriate modeling system to address the types of sources associated with the listed waters.

Representation of the physical domain is perhaps the most important consideration in model
selection. The physical domain is the focus of the modeling effort—typically, either the
receiving water itself or a combination of the contributing watershed and the receiving water.
Selection of the appropriate modeling domain depends on the constituents and the conditions
under which the stream exhibits impairment. For streams affected additionally or solely by
nonpoint sources or primarily rainfall-driven flow and pollutant contributions, a dynamic
approach is recommended. Dynamic watershed models consider time-variable nonpoint
source contributions from a watershed surface or subsurface. Some models consider monthly
or seasonal variability, while others enable assessment of conditions immediately before,
during, and after individual rainfall events. Dynamic models require a substantial amount of
information regarding input parameters and data for calibration purposes.

1.1. Source Contributions of Metal Loads

The primary sources contributions of metal loads to Chollas Creek had to be considered in
the model selection process. Accurately representing contributions from nonpoint sources
and regulated point sources is critical in properly representing the system and ultimately
evaluating potential load reduction scenarios.

Water quality monitoring data were not sufficient to fully characterize all sources of metals
in the Chollas Creek watershed. However, analyses of the available data indicate that the
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main sources are associated with surface runoff. As a result, the models selected to develop
copper, lead, and zinc TMDLs for the Chollas Creek watershed need to address the major
source categories during dry and wet weather conditions.

1.2. Critical Conditions

The critical condition is the set of natural conditions, including flow rates and critical points
that identifies when and where a water body exhibits the most vulnerability. In the Chollas
Creek Metals TMDL project, separate critical flow conditions were identified for dry and wet
weather conditions. This allowed for a better characterization of the critical condition than
only addressing a single critical flow condition. Additionally for the Chollas Creek Metals
TMDL project, a critical point was selected at the mouth of the Chollas Creek watershed. A
critical point is a location in an impaired water body that is selected based on high pollutant
loads predicted at that location. Not only does the Clean Water Act (CWA) require that
critical conditions be taken into account [40 CFR 130.7(c)], but both the identification of dry
and wet weather critical flow conditions and the Chollas Creek watershed’s critical point are
useful in conservatively assessing impairments to Water Quality Objectives (WQOs) and in
directing implementation of load reduction strategies. However, although this critical point
for water quality assessment is utilized for TMDL analysis, compliance to WQOs must be
assessed and maintained for all segments in the Chollas Creek watershed to ensure that
beneficial uses are protected.

1.3. Constituents

Another important consideration in model selection and application is the constituent(s) to be
assessed. Choice of state variables is a critical part of model implementation. The more state
variables included, the more difficult the model will be to apply and calibrate. However, if
key state variables are omitted from the simulation, the model might not simulate all
necessary aspects of the system and might produce unrealistic results. A delicate balance
must be met between minimal constituent simulation and maximum applicability.

The focuses of the Chollas Creek Metals TMDL project is assessing the copper, lead, and
zinc loads that cause impairment to the beneficial uses of the Chollas Creek watershed.
These metal loads can be estimated by combining the flow rates and concentration. Factors
affecting the concentration of metals include hardness, pH, and available sediment. Metal
concentrations in the water column are also influenced by in-stream losses and settling. In-
stream metal dynamics can be extremely complex, and accurate estimation of concentrations
relies on a host of interrelated environmental factors. The available data provided few
insights into which other factors might be most influential on metal behavior for the model.

1.4. Regulatory Criteria

A properly designed and applied model provides the source analysis component of the
Chollas Creek Metals TMDL project. The Regional Water Quality Control Board, San Diego
Region’s (Regional Board) Basin Plan establishes, for all waters in the San Diego region, the
beneficial uses to be protected, the WQOs that those uses, and an implementation plan that
achieves those objectives (Regional Board, 1994). For the watershed source analysis and the
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implementation plan, it is also important that the modeling platform enable examination of
gross land use loading as well as in-stream concentration.

1.5. Application of San Diego Regional Hydrologic Model for both Dry and Wet
Weather Models

The San Diego regional hydrologic model described in this appendix was originally designed
to simulate dry weather bacteria concentrations in the San Diego region, as described in
Bacteria TMDLs for Beaches and Inland Surface Waters of the San Diego Region — DRAFT
(Tetra Tech, Inc., 2004). Because the flow model was based on data from the San Diego
region and has robustly calibrated and validated measured parameters for the San Diego
region, it is appropriate to use for the Chollas Creek Metals TMDL project. This single set of
parameters was calibrated and validated over a diverse geographic (includes mountainous
and coastal regions as well as highly urbanized and open areas) and temporal scale (includes
extreme dry and wet weather periods), and can therefore be applied to many of the ungaged
streams within the San Diego region, including Chollas Creek.

Without this regional set of parameter values, a watershed model would be unfeasible for the
source analysis support needed for the Chollas Creek Metals TMDL project. By applying the
regionally calibrated hydrology parameter values to the updated watershed delineations and
land use reclassifications for the Chollas Creek watershed, flow was simulated for the
watershed. Current analyses utilize the calibrated flow parameters from the San Diego
regional hydrologic model, while considering additional local information. This appendix
describes model set-up, calibration, and validation of the San Diego regional hydrologic
model, emphasizes why this regional model is applicable to the Chollas Creek watershed,
and notes the modifications that were made to adapt the model for the Chollas Creek
watershed.

1.6. Model Calibration and Validation

After any model is configured, model calibration and validation must be performed to ensure
the natural environment is represented as accurately as possible. For watershed modeling,
this is generally a two-phase process, with hydrology (flow rate) calibration and validation
completed before repeating the process for water quality (pollutant concentration). Upon
completion of the calibration and validation at selected locations, a calibrated dataset
containing parameter values for each modeled land use and pollutant was developed.

2. Estimated Existing Loads for Dry and Wet Weather Conditions

2.1. Explanation of Dry and Wet Weather Conditions

A distinction is made between dry and wet weather conditions because the sources and
amounts of metals vary between the two scenarios and implementation measures will be
specific to these conditions. Existing copper, lead, and zinc loads were estimated for both
dry and wet weather conditions to provide year-round representation of the Chollas Creek
watershed.
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Utilizing separate approaches for dry and wet weather conditions ensured that the Chollas
Creek Metals TMDL project addressed the variable flow patterns in the Chollas Creek
watershed with an appropriate methodology. A flow-based cutoff to separate dry and wet
weather conditions, as opposed to a dry and wet weather season approach, was applied to
accurately capture rainfall events and sustained dry periods throughout the year. The dry
weather flow approach uses a steady-state model to estimate existing loads during dry
periods that are not addressed through the wet weather flow rate approach.

Before existing loads for dry and wet weather conditions could be estimated, the two
conditions need finite definitions. Dry weather conditions are based on dry weather days that
were selected based on the criterion that less than 0.2 inch of rainfall was observed on each
of the previous three days'. A wet weather condition was characterized as any flow greater
than the dry weather condition criteria as predicted by the dry weather model based on the
definition above.

2.2. Dry and Wet Weather Critical Flow Conditions

The dry weather critical flow condition was based on predictions of steady-state flows, which
were derived through modeling analysis of average dry weather flows observed in the San
Diego region. The dry weather critical condition was based on the prediction of steady-state
flows. As described in section 3, regionally calibrated model parameters were developed
through a modeling analysis of average dry weather flows observed in Aliso Creek (2001),
Rose Creek (2001-2002), and Tecolote Creek (2001-2002). These parameters were applied
to the Chollas Creek watershed to determine the watershed-specific critical dry weather flow
condition.

To ensure protection of the Chollas Creek watershed during wet weather conditions, a critical
flow condition was selected based on identification of the 93™ percentile of annual rainfall
observed over the past 14 years (1990 through 2003) at multiple rainfall gages in the San
Diego region. Essentially the critical flow condition was based on the wettest year of the past
14 years. This resulted in selection of 1993 as the critical wet year for assessment of wet
weather conditions. This critical flow condition was consistent with studies performed by the
Southern California Coastal Research Project (SCCWRP), where a 90" percentile year was
selected based on rainfall data for the Los Angeles Airport from 1947 to 2000, also resulting
in selection of 1993 as the critical wet year (Regional Water Quality Control Board, Los
Angeles Region (LARWQCB), 2002).

2.3. Estimated Existing Annual Loads from Dry and Wet Weather Models

According to the CWA [40 CFR 130.2 (i) and 40 CFR 130.7 © (1)] a TMDL document must
analyze all sources, and the magnitude and location of the sources. In order to comply with

" This definition comes from the California Department of Environmental Health’s general advisory that is
issued to alert the public of ocean and bay water contamination by urban runoff. It is also supported by CFR
section 122.21 and section 122.26.
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the CWA, both the dry and wet weather models were used to estimate existing annual loads
of copper, lead, and zinc. In addition the mass loadings estimated from the model outputs
also offer support for the implementation plan. Relative amounts of mass loadings for dry
and wet weather conditions can identify where more serious problems occur and on which
subwatersheds or land uses efforts should be concentrated. For example, for all three metals,
freeways and commercial/institutional land uses have the highest relative loading
contributions. Responsible parties may want to concentrate efforts on controlling metal
sources in these areas.

The simulated flow rate was combined with average in-stream dry weather concentrations for
dissolved copper, lead, and zinc in order to estimate basin-wide existing loads for each metal
(Table 1). The estimated loads for the dry weather critical flow conditions were the same as
the average estimated loads for the dry weather typical condition because the dry weather
metal concentration could not be simulated due to limited observed data for calibration. The
estimated existing loads for the wet weather critical flow rate condition and the average
estimated existing loads (1990-2003) for the wet typical weather condition are provided in
Table 2 and Table 3 for each metal. All estimated existing loads are calculated at the mouth
of the Chollas Creek watershed, which is the critical point.

Table 1. Estimated existing loads (grams per year) for the dry weather critical flow condition
and average estimated existing loads for the dry weather typical condition at the
critical point

Copper (dissolved) | Lead (dissolved) | Zinc (dissolved)
692 168 986

Table 2. Estimated existing loads (grams per year) for the wet weather critical flow rate
condition at the mouth of the Chollas Creek watershed

Copper (dissolved) Lead (dissolved) Zinc (dissolved)
984,549 705,142 5,993,255

Table 3. Average estimated existing loads (grams per year) for the average wet weather
condition for 1990 through 2003 at the critical point.

Copper (dissolved) Lead (dissolved) Zinc (dissolved)
232,137 194,007 1,326,407

2.4. Model Assumptions/Limitations

While highly beneficial tools for analyzing surface runoff pollution problems, all
mathematical models are based on assumptions or inferences made about the processes and
systems being simulated, which must be considered (Charbeneau & Barrett, 1998; Loague,
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Corwin, & Ellsworth, 1998; Nix, 1994; Tim & Jolly, 1994). These limitations include the
steep learning curve for model use, the accuracy of the mathematical equations, and
inadequacies and assumptions of the input data (Charbeneau & Barrett, 1998; Nix, 1994; Tim
& Jolly, 1994). Model users must keep in mind that a model is a tool; and while it can extract
information, it cannot overcome data inadequacies or assumptions. The specific assumptions
made with the modeling approach used for in the Chollas Creek Metals TMDL project
include but are not limited to the following:

2.4.1. General Model Assumptions
e The critical point was assumed to be at the mouth of the Chollas Creek watershed.
e Water quality monitoring data were not sufficient to fully characterize all sources of
metals in the Chollas Creek watershed.
e The limited data available provide few insights into which other factors might be
most influential on metal behavior for the model

2.4.2. Wet Weather Model Assumptions
The following assumptions are relevant to the Loading Simulation Program written in C++
(LSPC) model developed to simulate wet-weather sources of metals in Chollas Creek.

e Source Representation - All sources can be represented through build-up/wash-off of
metals from specific land use types.

e Flow - Because modeled and observed flow ranges are similar, a simulation program
hydrology model flow rate results were considered representative of flow in the
Chollas Creek watershed. Differences can be explained by localized events, and until
additional flow data become available, further calibration is not possible, nor
warranted.

e Water Quality Data - Observed water quality data, unlike stream flow data, are
usually not continuous; thus making time-series comparisons difficult and reducing
the accuracy of the water quality model calibration.

e General LSPC/HSPF Model Assumptions - Many model assumptions are inherent in

the algorithms used by the LSPC watershed model and are reported extensively in
Bicknell et al. (1996).

e |and Use - The San Diego Association of Governments (SANDAG) land use GIS
dataset is assumed representative of the current land use areas. For areas where
significant changes in land use have occurred since the creation of these datasets,
model predictions may not be representative of observed conditions.

e Stream Representation - Each delineated subwatershed was represented with a single
stream assumed to be a completely mixed, one-dimensional segment with a
trapezoidal cross-section.

e Hydrologic Modeling Parameters - Hydrologic modeling parameters were developed
during previous modeling studies in Southern California (e.g., LA River, San Jacinto
River) and refined through calibration to stream flow data collected in the San Diego
region. Through the calibration and validation process (reported in the Bacteria
TMDLs for the San Diego Region), a set of modeling parameters were obtained
specific to land use and hydrologic soil groups. These parameters are assumed to be
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representative of the hydrology of the Chollas Creek watershed, which is presently
ungaged and therefore unverified.

Water Quality Modeling Parameters - Dynamic models require a substantial amount
of information regarding input parameters and data for calibration purposes. All
sources of metals from watersheds are represented in the LSPC model as build-
up/wash-off from specific land use types. Limited data are currently available in the
San Diego region to allow development of unique modeling parameters for
simulation of build-up/wash-off, so initial parameters values were obtained from land
use-specific storm water data in the Los Angeles region. These build-up/wash-off
modeling parameters were refined during the calibration and validation process in
which observed data from Chollas Creek were compared with the model predicted
values.

Lumped Parameter Model Characteristic - LSPC is a lumped-parameter model and is
assumed to be sufficient for modeling transport of flows and metal loads from
watersheds in the region. For lumped parameter models, transport of flows and metal
loads to the streams within a given model subwatershed cannot consider relative
distances of land use activities and topography that may enhance or impede time of
travel over the land surface.

First-order Losses - Each stream is modeled assuming first-order loss of metals.
Wet-weather Critical Condition — The critical wet-weather condition was selected
based on identification of the 93™ percentile of annual rainfalls observed over the past
12 years (1990 through 2002) at multiple rainfall gages in the San Diego region.

This resulted in selection of 1993 as the critical wet year for assessment of wet
weather loading conditions. This condition was consistent with studies performed by
SCCWRP, where a 90" percentile year was selected based on rainfall data for the Los
Angeles Airport (LAX) from 1947 to 2000, also resulting in selection of 1993 as the
critical year (LARWQCB, 2002).

2.4.3. Dry Weather Model Assumptions
The following assumptions are relevant to the watershed modeling system developed for
simulation of steady-state dry-weather flows and sources of metals.

Limited Dry Weather Data - Because there were only seven in-stream dry weather
metal concentration data points in the Chollas Creek watershed, copper, lead, and
zinc concentrations could not be simulated. Therefore, land use specific loadings and
more detailed analyses could not be calculated.

Stream Representation - This predictive model represents the stream network as a
series of plug-flow reactors, with each reactor having a constant, steady state flow
and pollutant load.

Flow Condition - These constant flows were assumed representative of the average
flow caused by various urban land use practices (e.g., runoff from lawn irrigation or
sidewalk washing).

Channel Geometry - Channel geometry during low-flow, dry-weather conditions is
assumed to be represented appropriately using equations derived from flows and
physical data collected at 53 U.S. Geological Survey (USGS) stream gages in
Southern California.
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e Steady-state Model Configuration - Although dry-weather flows vary over time for
any given stream, for prediction of average conditions in the stream, flows were
assumed to be steady state.

e Plug Flow Model Configuration - Plug flow reaction kinetics were assumed sufficient
in modeling dry-weather, steady state stream routing.

e Sources for Characterization of Dry-weather Conditions - Data used for
characterization of dry-weather flows were assumed representative of conditions
throughout the region.

e Methods for Characterization of Dry-weather Conditions - The equations derived
through multivariable regression analyses were assumed sufficient to represent the
dry-weather flows as a function of land use and watershed size. This assumption was
verified through model calibration and validation reported.

e Stream Infiltration - Losses of volume through stream infiltration were modeled
assuming infiltration rates were constant for each of the four hydrologic soil groups
(A, B, C, and Dz). Infiltration rates were based on literature vales and refined through
model calibration and validation. The resulting infiltration rates were 1.368 inches
per hour (in/hr) (Soil Group A), 0.698 in/hr (Soil Group B), 0.209 in/hr (Soil Group
C), and 0.084 in/hr (Soil Group D). These infiltration rates are within the range of
values found in literature (Wanielisata et al., 1997). These infiltration rates are
assumed representative for all streams studied in the region within each hydrologic
soil group.

e Dry-weather Critical Condition - The critical dry period was based on predictions of
steady-state flows based on results of analysis of average dry-weather flows observed
in Aliso Creek, Rose Creek, and Tecolote Creek. Dry-weather days were selected
based on the criterion that less than 0.2 inch of rainfall was observed on each of the
previous 3 days.

3. Dry Weather Model

During dry weather conditions, many streams exhibit a sustained base flow even if no rainfall
has occurred for a significant period to provide storm water runoff or groundwater flows.
These sustained flows are generally understood to result from various urban land use
practices (e.g. lawn irrigation runoff, car washing, and sidewalk washing) and are referred to
as urban runoff. As these urban runoffs travel across land areas (e.g. lawns and other urban
surfaces), accumulated metal loads are carried from these areas to receiving waterbodies.

? Group A Soils have low runoff potential and high infiltration rates even when wet. They consist chiefly
of sand and gravel and are well drained to excessively-drained. Group B Soils have moderate infiltration rates
when wet and consist chiefly of soils that are moderately-deep to deep, moderately- to well-drained, and
moderately course textures. Group C Soils have low infiltration rates when wet and consist chiefly of soils
having a layer that impedes downward movement of water with moderately-fine to fine texture. Group D Soils
have high runoff potential, very low infiltration rates and consist chiefly of clay soils. These soils also include
urban areas (USDA, 1986).
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The dry weather model was used to estimate the flow rates of urban runoff in the Chollas
Creek watershed. The average metal concentrations were used to estimate the existing metal
concentrations that end up in Chollas Creek from urban runoff transportation of metal loads.
Figure 1 is a visual representation of how the model outputs were used. Because there were
only seven in-stream dry weather metal concentration data points in the Chollas Creek
watershed, copper, lead, and zinc concentrations could not be simulated. The simulated flow
values from a San Diego regional hydrologic model were instead combined with average in-
stream dry weather metal concentrations for dissolved copper, lead, and zinc to calculate
estimated basin-wide loads for each metal (Table 1).

DRY WEATHER MODEL

Physical Parameters
(including rainfall, land
use, soil infiltration,
etc.)

] CRITICAL CONDITION =
Dry Weather Model | Flow (typical condition = AVERAGE EXISTING CONDITION
(Steady State) 7| critical condition)

Metal Concentration

(dissolved metals, .| Metal Loads (typical

median, measured) condition = critical condition)
y

Conversion Factor l—b y

Watershed-wide

Metal Concentration current loads
(total metals, median,
measured)

Figure 1. Dry weather model outputs.

3.1 Dry Weather Modeling Details

To estimate sources from dry weather urban runoff, a steady-state spreadsheet was developed
for the San Diego region to model dry weather flow in the watershed. However, because
limited in-stream dry weather metal concentration data were available for model calibration
and validation, copper, lead, and zinc concentrations could not be simulated and average
values from available data were used. The calibrated, low flow, steady-state model was used
to estimate flows during dry weather conditions. These constant flows were assumed
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representative of the average flow caused by various urban land use practices (e.g., runoff
from lawn irrigation or sidewalk washing).

3.1.1 Dry Weather Model Use of the Chollas Creek Watershed Representation

The initial step in this watershed-based analysis was to clearly define the watershed
boundary. Therefore, before the model could be configured, an appropriate scale for analysis
was determined. Model subwatersheds were delineated based on CALWTR 2.2, a standard
nested watershed delineation scheme, watersheds, stream networks, locations of flow and
water quality monitoring stations, consistency of hydrologic factors, and land use uniformity.
The subwatersheds, soil types, and stream lengths used in the dry weather model were
identical to those described in the wet weather model. Figure 2 provides a schematic of the
stream network for the Chollas Creek watershed, which includes model segment
connectivity, used for the Chollas Creek Metals TMDL project. Section 4.2 also provides a
more detailed discussion of the watershed representation used for the wet weather model.

e Main Stem
—— Primvary Tributary
Secondary Tributary

19011

NOTTO SCALE

19036

192037

Figure 2. Schematic of model segments (indicated by subwatershed identification numbers)
for Chollas Creek and its tributaries. Each segment is identified with a model
number.’

3 See Figure 11 for the segments as they appear on a map of the Chollas Creek watershed.
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3.1.2. Channel Geometry

Precise channel geometry data were not available for the modeled stream segments;
therefore, stream dimensions were estimated from analysis of observed data from other areas.
Analyses were performed on flow data and associated stream dimension data from 53 USGS
gages throughout Southern California. For this analysis, all flow less than 15 cubic feet per
second (ft’/s) was assumed to represent dry weather flow conditions. Using these dry
weather flow data, the relationship between flow and cross-sectional area was estimated (R
=0.51). The following regression equation describes the relationship between flow and
cross-sectional area:

A = 0225370

where:
A = cross-sectional area, feet squared (ft*)
Q = flow, cubic feet per second (ft/s)

In addition, data from the USGS gages were used to determine the width of each segment
based on 